US 20200120251A1

a2y Patent Application Publication o) Pub. No.: US 2020/0120251 Al

a9y United States

Toda

43) Pub. Date: Apr. 16, 2020

(54) IMAGE PICKUP APPARATUS WITH
MOVABLE UNIT AND CONTROL UNIT
CONNECTED TOGETHER BY FLEXIBLE
BOARDS

(71)  Applicant: CANON KABUSHIKI KAISHA
(72) Inventor: Daisuke Toda, Kawasaki-shi (JP)

(21)  Appl. No.: 16/598,297

(22) Filed: Oct. 10, 2019
(30) Foreign Application Priority Data
Oct. 16, 2018  (JP) wevveerivreeirrecreencnee 2018-195149

2019-117500

Jun. 25,2019 (IP)

Publication Classification

(51) Int. CL
HO4N 5/225 (2006.01)
HOSK 1/14 (2006.01)

(52) US.CL
CPC ........ HO4N 5/22521 (2018.08); HOSK 1/148
(2013.01)

(57) ABSTRACT

An image pickup apparatus which makes the load applied to
a movable unit when it is displaced nearly uniform. The
movable unit controlled by a control unit is capable of being
in at least a predetermined direction. A first flexible board
has a first connecting portion connected to the movable unit,
a first wiring portion extended from the first connecting
portion in a first direction different from a direction of an
optical axis, and a second connecting portion placed at an
end of the first wiring portion and connected to the control
unit. A second flexible board has a third connecting portion
connected to the movable unit, a second wiring portion
extended from the third connecting portion in a second
direction different from the direction of the optical axis, and
a fourth connecting portion placed at an end of the second
wiring portion and connected to the control unit.
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IMAGE PICKUP APPARATUS WITH
MOVABLE UNIT AND CONTROL UNIT
CONNECTED TOGETHER BY FLEXIBLE
BOARDS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image pickup
apparatus, in which a movable unit capable of displacement
and a control unit are connected together by flexible boards.

Description of the Related Art

[0002] Conventionally, electronic equipment such as an
image pickup apparatus in which a movable unit, which is
supported by a fixed unit (supporting unit) such that it can
be displaced, and a control unit are connected together by
flexible boards is known. For example, in an image pickup
apparatus with a function of optically correcting for blurring
of a subject, a movable unit that supports an image pickup
device is displaced with respect to a fixed unit in a direction
perpendicular to an optical axis to correct for blurring of a
subject.

[0003] The movable unit is equipped with a circuit board
on which the image pickup device is mounted, and electric
connecting parts such as connectors are also mounted on this
circuit board. The fixed unit such as a case that holds the
movable unit is equipped with a control unit that drivingly
controls the movable unit, and electric connecting parts such
as connectors are also mounted on this control board. The
connectors in the movable unit and the connectors in the
fixed unit are electrically connected together by a flexible
board. By using flexibility of the flexible board, the fixed
unit and the movable unit are electrically connected
together, and the movable unit is controlled by the control
unit (Japanese Laid-Open Patent Publication (Kokai) No.
2010-192749).

[0004] A part of wiring on the flexible board is capable of
being deformed in response to displacement of the movable
unit. However, a reaction force generated by deformation of
the wiring acts as a load in driving the movable unit.
Depending on the layout of the flexible board, the reaction
force generated by the deformation of the wiring may
become unbalanced, making control complicated when driv-
ing the movable unit. For example, when the movable unit
is displaced in a certain direction, and a reaction force is
generated in a direction perpendicular to the direction in
which the movable unit is displaced, control is required for
the direction perpendicular to the direction of the displace-
ment as well.

[0005] In recent years, with increase in pixel resolution of
moving images in image pickup apparatuses and improve-
ment of functions such as high-speed sequential shooting,
power consumption of an image pickup device and the
number of signals connected have continuously increased.
For this reason, the width of the flexible board has increased,
and also the load arising from the flexible board has
increased, making the above problems more serious.
[0006] It should be noted that to reduce the load, it can be
considered that the length of a flexible portion of the flexible
board is increased to reduce the amount of deformation per
unit length so that the reaction force generated by the
deformation can be decreased. However, this is not enough

Apr. 16, 2020

to balance the load and also increases the space in which the
flexible board is housed, leading to upsizing of the image
pickup apparatus.

SUMMARY OF THE INVENTION

[0007] The present invention makes the load, which is
applied to a movable unit when it is displaced, nearly
uniform.

[0008] Accordingly, the present invention provides an
image pickup apparatus that includes: an image pickup
device configured to convert an optical image of a subject
into an electric signal; a movable unit configured to hold the
image pickup device and to be capable of being displaced in
a direction different from a direction of an optical axis of an
image pickup optical system; a control unit including a
circuit to which an image pickup signal output from the
image pickup device is transmitted; a first flexible board
configured to electrically connect the movable unit and the
control unit with each other; and a second flexible board
configured to electrically connect the movable unit and the
control unit with each other, wherein the first flexible board
comprises a first connecting portion that is connected to the
movable unit, a first wiring portion that is extended from the
first connecting portion in a first direction different from the
direction of the optical axis, and a second connecting portion
that is placed at an end of the first wiring portion and
connected to the control unit, and wherein the second
flexible board comprises a third connecting portion that is
connected to the movable unit, a second wiring portion that
is extended from the third connecting portion in a second
direction different from the direction of the optical axis and
opposite to the first direction, and a fourth connecting
portion that is placed at an end of the second wiring portion
and connected to the control unit.

[0009] According to the present invention, the load, which
is applied to a movable unit when it is displaced, is made
nearly uniform.

[0010] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGS. 1A and 1B are perspective views of an
electronic device.

[0012] FIG. 2 is an exploded perspective view of essential
parts of an image pickup apparatus as seen from behind
(photographer side).

[0013] FIG. 3 is an exploded perspective view of an image
blur correction unit.

[0014] FIG. 4 is an exploded perspective view of the
image blur correction unit.

[0015] FIG. 5 is a front view showing an arrangement of
a third flexible board.

[0016] FIG. 6 is a rear view of a movable unit to which
first and second flexible boards are fixed.

[0017] FIG. 7 is a view of a state in which the movable
unit is mounted on a control board as seen from behind.
[0018] FIG. 8 is a view of a state in which the movable
unit is mounted on the control board as seen from behind.
[0019] FIG. 9 is a perspective view of the image blur
correction unit.
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[0020] FIG. 10 is a front view showing a wiring pattern
laid out inside the control board.

[0021] FIG. 11 is a rear view of the movable unit to which
the first and second flexible boards are fixed.

[0022] FIG. 12 is a perspective view of the image blur
correction unit.
[0023] FIG. 13 is a rear view of the movable unit to which

the first and second flexible boards are fixed.

[0024] FIG. 14 is a perspective view of the image blur
correction unit.

[0025] FIG. 15 is a side view of the image blur correction
unit.

[0026] FIG. 16 is a perspective view of an image blur

correction unit in a comparative example.

DESCRIPTION OF THE EMBODIMENTS

[0027] Embodiments of the present invention will now be
described with reference to the drawings.

[0028] FIGS. 1A and 1B are perspective views of an
electronic device according to a first embodiment of the
present invention. An image pickup apparatus 10 is illus-
trated as the electronic device to which the present invention
is applied. A vertical direction, front and rear, and horizontal
direction are defined as directions of the image pickup
apparatus 10 as seen from a photographer (user) as a
reference. Thus, FIG. 1A is a perspective view of the image
pickup apparatus 10 as seen from the front (subject side),
and FIG. 1B is a perspective view of the image pickup
apparatus 10 as seen from the rear (photographer side). The
image pickup apparatus 10 is covered with an exterior 10¢
which is a case comprised of a plurality of members. A
mount 10a is provided on a front side of the image pickup
apparatus 10. An interchangeable lens (image pickup optical
system), not shown, is mountable on the mount 10a. A
wireless antenna 105 is built at a left end of an upper part of
the image pickup apparatus 10. An axis passing through the
center of the mount 10a substantially corresponds to an
imaging optical axis P.

[0029] FIG. 2 is an exploded perspective view of essential
parts of the image pickup apparatus 10 as seen from the rear
(photographer side). The exterior 10¢ and others are not
shown in FIG. 2. In FIG. 2 and the subsequent figures, to
make understanding easier, component elements required
for explanation of the present invention are illustrated, and
component elements not required for explanation of the
present invention are omitted to the extent possible.
[0030] The image pickup apparatus 10 has a control board
100 (control unit), an image blur correction unit 200, a
shutter unit 300, and a base member 400. The image blur
correction unit 200 as well as the shutter unit 300 is fixed to
the base member 400. The base member 400 and the control
board 100 are fixed to the exterior 10c. The image blur
correction unit 200 is held by the base member 400 which
the shutter unit 300 is mounted on and fixed to. Namely, the
image blur correction unit 200 is supported on the base
member 400 by three screws 600a, 6005, and 600¢ and three
coil springs 500a, 5005, and 500c¢ such that it can be
displaced in a direction of the optical axis P (FIG. 1A). By
adjusting the amount by which the screws 600a, 6005, and
600c are screwed, an operator can adjust the tilt of a
light-incident surface of an image pickup device 230 (FIG.
3) with respect to the base member 400. After the adjustment
is completed, the screws 600a, 6005, and 600¢ are adhered
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and fixed to a fixed unit 2005 (supporting unit) of the image
blur correction unit 200 so as to be prevented from loosen-
ing.

[0031] Connectors 102, 103, and 104 as well as a control
IC 101, which controls image pickup signals, are mounted
on the control board 100. In addition, various types of
electronic components such as a chip resistance, a ceramic
capacitor, an inductor, and a transistor (not shown) are
mounted on the control board 100. A first flexible board
270a and a second flexible board 2705 which are flexible
printed circuit boards extended from the image blur correc-
tion unit 200 are connected to the connectors 102 and 103.
Thus, the control board 100 and the image blur correction
unit 200 are electrically connected together. The connector
104 electrically connects a flexible printed circuit board (not
shown) extended from the shutter unit 300 and the shutter
unit 300 together.

[0032] FIGS. 3 and 4 are exploded perspective views of
the image blur correction unit 200. The image blur correc-
tion unit 200 has a movable unit 2004 and the fixed unit
2005. The movable unit 200a includes the image pickup
device 230. The fixed unit 2005 is fixed to the base member
400. The movable unit 200a is supported by the fixed unit
2005 such that it can be displaced in a planar direction
perpendicular to the optical axis P. Displacement of the
movable unit 200a in the planar direction perpendicular to
the optical axis P implements a function of optically cor-
recting for image blurring.

[0033] The fixed unit 2005 is comprised mainly of a front
yoke 210, a base plate 250, and a rear yoke 260. The
movable unit 200a is comprised mainly of a sensor holder
220 and a third flexible board 240. The first flexible board
270a and the second flexible board 2705 connect the mov-
able unit 200 and the control board 100 together. The third
flexible board 240 connects the sensor holder 220 and the
control board 100 together. All of the first flexible board
2704, the second flexible board 27056, and the third flexible
board 240 are flexible printed circuit boards with flexibility.

[0034] The image pickup device 230 is mounted on an
image pickup device board 231. The image pickup device
230 converts an optical image of a subject into an electric
signal. The image pickup device 230 and the image pickup
device board 231 are adhered and fixed to the sensor holder
220. In the sensor holder 220, a low-pass filter 221 is placed
at the front of the image pickup device 230. The low-pass
filter 221 prevents incidence of infrared rays and also
prevents occurrence of, for example, color moiré. Three
openings 223a, 223b, and 223¢ are formed in the sensor
holder 220. The third flexible substrate 240 is equipped with
three coils 241a, 2415, and 241¢ (FIG. 3). The third flexible
substrate 240 is incorporated into to the sensor holder 220
from behind and adhered to and fixed to the sensor holder
220 such that the coils 241a, 2415, and 241c¢ are fitted into
the openings 223a, 2235, and 223c.

[0035] Three ball seats 222a, 2225, and 222¢ are formed
in the sensor holder 220 (FIG. 3). In the front yoke 210, ball
seats 213a, 2135, and 213¢ are formed at locations opposed
to the ball seats 222qa, 2225, and 222¢ (FIG. 4). The sensor
holder 220, to which the image pickup device 230 and the
image pickup device board 231 are adhered and fixed, and
the front yoke 210 sandwich balls 215a, 2155, and 215¢
between the opposed ball seats. The balls 215a, 2155, and
215c¢ are thus supported.
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[0036] A magnet, not shown, is adhered to and fixed to the
front yoke 210 at a location opposed to the sensor holder
220, and a sheet made of a ferromagnetic material (such as
iron), not shown, is attached to the sensor holder 220 at a
location opposed to the magnet. When the front yoke 210
and the sensor holder 220 are brought close to each other
until the distance between them reaches a predetermined
distance, the sensor holder 220 is magnetically attracted to
the front yoke 210 and held by the front yoke 210 such that
it can be displaced in a planar direction perpendicular to the
optical axis P through the balls 215a, 2155, and 215¢.
[0037] Magnets 212a, 2125, and 212c¢ are attached to the
front yoke 210 at locations opposed to the coils 241a, 2415,
and 241c¢ (FIG. 4). Supports 211a, 2115, and 21lc are
installed in a standing manner on the base plate 250. One end
of each of the supports 211a, 2115, and 211c is press-fitted
into the base plate 250. The front yoke 210 and the base plate
250 are joined together such that they sandwich the sensor
holder 220.

[0038] Openings 251a, 2515, and 251¢ are formed in the
base plate 250 at different locations as seen from the
direction of the optical axis P, and magnets 261a, 2615, and
261c are fitted into the openings 251a, 2515, and 251c¢. As
seen from the direction of the optical axis P, the magnets
261a, 2615, and 261c are formed at substantially the same
locations and have the same shapes as the corresponding
coils 241a, 2415, and 241c. Moreover, the magnets 261a,
2615, and 261 ¢ are placed at such positions that their centers
match those of the corresponding coils 241a, 2415, and
241c.

[0039] The operator mounts the rear yoke 260 on the base
plate 250 from behind such that the magnets 261a, 2615, and
261c are fitted into the openings 251a, 2515, and 251c¢. The
rear yoke 260 and the base plate 250 are each made of a
ferromagnetic material. The operator can magnetically
attracts the rear yoke 260 and the base plate 250 to each
other only by aligning the rear yoke 260, to which the
magnets 261a, 2615, and 261c¢ are attached, with the base
plate 250 and bringing them into contact with each other.
The operator thus can join these two components together
without using any additional adhesive material.

[0040] An opening 252 is also formed in the base plate
250. When the sensor holder 220 is sandwiched between the
front yoke 210 and the base plate 250, the image pickup
device board 231 exposes itself rearward from the opening
252. Connectors 232a and 2326 are mounted on the image
pickup device board 231 (FIG. 4). A connector 271a is
mounted on the first flexible board 270a, and a connector
2715 is mounted on the second flexible board 270a (FIG. 3).
The operator incorporates these first and second flexible
board 270a and 2704 into the image pickup device board
231 through the opening 252 from behind to fit the connector
232a and the connector 271a on each other and also fit the
connector 2325 and the connector 2715 on each other. The
connectors 232a and 232 and the connectors 271a and
2715 have the same relationship as the relationship between
a plug connector and a receptacle connector which have
shapes to fit with each other.

[0041] Each of the first and second flexible board 270a
and 27056 has a long plate-like shape, and the connectors
271a and 2716 are mounted on ends of the respective first
and second flexible board 270a and 2705. Connectors 273
and 274 are mounted on the other ends of the first and second
flexible board 270a and 2705 in their wiring direction
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(longitudinal direction). The connector 273 has the same
relationship with the connector 102 (FIG. 2), which is
mounted on the control board 100, as the relationship
between a plug connector and a receptacle connector which
have shapes to fit with each other. Likewise, the connector
274 has the same relationship with the connector 103 (FIG.
2), which is mounted on the control board 100, as the
relationship between a plug connector and a receptacle
connector which have shapes to fit with each other.

[0042] FIG. 5 is a front view of the third flexible board
240. As described above, the coils 241a, 2415, and 241c¢ are
adhered and fixed to the third flexible board 240. Soldering
lands 243a, 243b, 243¢, 243d, 243, and 243 for electrically
connecting with coil windings are formed on the third
flexible board 240. The operator solders a winding begin-
ning and a winding end of the coil 241a to the soldering
lands 243a and 243b. Likewise, the operator solders a
winding beginning and a winding end of the coil 2415 to the
soldering lands 243¢ and 2434 and also solders a winding
beginning and a winding end of the coil 241c¢ to the
soldering lands 243e and 243f. As a result of the soldering,
each coil is electrically connected to the third flexible board
240.

[0043] On the third flexible board 240, Hall effect devices
242a,242b, and 242¢ are mounted inside the windings of the
coils 241a, 2415, and 241c¢. The third flexible board 240 has
a connecter terminal portion 244. Wiring patterns from the
soldering lands and the Hall effect devices are laid out inside
the third flexible board 240 and connected to a connector
terminal portion, not shown. The connector terminal portion
244 is electrically connected to the connectors mounted on
the control board 100.

[0044] The coils 241a, 2415, and 241c¢ is thus placed in a
magnetic field environment formed by the magnets 212a,
212b, and 212c¢ placed on the front yoke 210 and the
magnets 261a, 2615, and 261¢ placed on the rear yoke 260.
By passing electric current through these coils, Lorentz force
is generated in each coil, which acts as thrust force causing
the sensor holder 220 to be displaced in the planar direction
perpendicular to the optical axis P. The Hall effect devices
242a, 2425b, and 242¢ mounted inside the coils 241a, 2415,
and 241c¢ detect changes in magnetic force caused by
movement of the sensor holder 220 relative to the magnets
212a, 2125, and 212¢. Based on the detection results, the
amount of displacement of the movable unit 200a with
respect to the fixed unit 2005 in the planar direction per-
pendicular to the optical axis P is detected.

[0045] A detailed description will now be given of
arrangements of the first and second flexible boards 270a
and 27056. For the sake of convenience, according to the
above definitions of the directions, the coil 241¢ is located
to the lower left of the image pickup device 230, and the coil
241a is located to the upper right of the image pickup device
230. On the control board 100 (FIG. 2), the connectors 102
and 104 are mounted in a lower part, and the connector 103
is mounted in an upper part. The connectors 102, 103, and
104 are mounted on a rear face of the control board 100. The
connectors 232a and 2325 are mounted on a rear face of the
image pickup device board 231.

[0046] To correct for image blurring in a pitch direction
which is a direction of rotation around the side-to-side axis,
the movable unit 2004 makes translational movements in a
vertical direction. To correct for image blurring in a yaw
direction which is a direction of rotation around the vertical
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axis, the movable unit 200a makes translational movements
in a horizontal direction (predetermined direction). To cor-
rect for image blur in a roll direction which is a direction of
rotation around the front-to-back axis, the movable unit
200a rotates around an axis parallel to a front-back direction.
[0047] A description will now be given of the arrange-
ments of the first and second flexible boards 2704 and 2705
with reference to FIGS. 6 to 9. FIG. 6 is a rear view of the
movable unit 200a to which the first and second flexible
boards 270a and 2705 are fixed. FIGS. 7 and 8 are views of
a state in which the movable unit 200a is mounted on the
control board 100 as seen from behind. In particular, FIG. 7
shows a state where the connectors 273 and 274 on the first
and second flexible boards 270a and 2705 are not connected
to the connectors 102 and 103 on the control board 100, and
FIG. 8 shows a state where the connectors 273 and 274 are
connected to the connectors 102 and 103. FIG. 9 is a
perspective view of the image blur correction unit 200.
[0048] Connection of the connectors 271a and 2715 (FIG.
3) and the connectors 232a and 2325 (FIG. 4) to each other
causes the first and second flexible boards 270a and 2704 to
be electrically connected to the image pickup device board
231 and also causes the connectors 271a and 2715 to be
fixed to the movable unit 200a.

[0049] The first and second flexible boards 270a and 2705
are each roughly divided into three regions, that is, two rigid
bodies (connecting portions) and a flexible part (portion)
that connect the rigid bodies together. The rigid bodies
(connecting portions) are made rigid by attaching an insu-
lation reinforcing material such as a glass epoxy resin to the
flexible part (wiring portion) with a thermosetting adhesive,
and connectors are mounted on a surface of the flexible part
(wiring portion).

[0050] As shown in FIG. 6, the first flexible board 270a
has a first connecting portion 2754, a first wiring portion
276, and a second connecting portion 278 in order from the
one closest to the connector 271a (FIG. 3) in a wiring
direction (longitudinal direction). The first wiring portion
276 is extended from the first connecting portion 275a in a
downward direction (first direction). The connector 271a is
placed in the first connecting portion 275a, and the connec-
tor 2715 is placed in the second connecting portion 278a.
[0051] The second flexible board 2706 has a third con-
necting portion 275b, a second wiring portion 277, and a
fourth connecting portion 279 in order from the one closest
to the connector 2716 (FIG. 3) in a wiring direction (lon-
gitudinal direction). The second wiring portion 277 is
extended from the third connecting portion 27556 in an
upward direction (second direction) opposite to the down-
ward direction (first direction). The connector 2715 is placed
in the third connecting portion 2755, and the connector 2715
is placed in the fourth connecting portion 279.

[0052] The first connecting portion 275a, the third con-
necting portion 2755, the second connecting portion 278,
and the fourth connecting portion 279 are made rigid by
attaching an insulation reinforcing material such as a glass
epoxy resin to the flexible part (wiring portion) with a
thermosetting adhesive. The board-to-board connectors (the
connectors 271a, 271b, 273, and 274) are mounted on a
surface opposite to the surfaces of the above connecting
portions to which the reinforcing material is attached.
[0053] As shown in FIG. 6, in the wiring direction of the
first flexible board 270a, the first wiring portion 276 is
placed in a region between the first connecting portion 275a
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and the second connecting portion 278. The first wiring
portion 276 has flexibility and electrically connects the
connectors 271a and 273 together. In the wiring direction of
the second flexible board 27054, the second wiring portion
277 is placed in a region between the third connecting
portion 2756 and the fourth connecting portion 279. The
second wiring portion 277 has flexibility and electrically
connects the connectors 2715 and 274 together.

[0054] As shown in FIG. 8, a first cut 107a is formed on
a lower side (an edge in the first direction) of the control
board 100. A second cut 1075 is formed on an upper side (an
edge in the second direction) of the control board 100. The
first wiring portion 276 of the first flexible board 270q is
wired through the first cut 1074, and the second wiring
portion 277 of the second flexible board 2705 is wired
through the second cut 1076. Namely, the first wiring
portion 276 is extended downward from the first connecting
portion 275a and then curved rearward to pass through the
first cut 107a and extended upward. The connector 273 is
then fitted into the connector 102. On the other hand, the
second wiring portion 277 is extended upward from the third
connecting portion 2755 and then curved rearward to pass
through the second cut 1075 and extended downward. The
connector 274 is then fitted into the connector 103.

[0055] The second wiring portion 277 and the first wiring
portion 276 are configured to be wired in such a manner to
surround a part of an upper and lower part of the control
board 100. The second wiring portion 277 and the first
wiring portion 276 are routed in two routes i.e. upper and
lower routes which are pitch directions of image blur
vibrations, that is, translational directions of the movable
unit 200a. By routing the second wiring portion 277 and the
first wiring portion 276 in those directions, loads arising
from deformation of the first and second flexible boards
270a and 2705 can be made substantially uniform when the
movable unit 200a is moved rightward and when the mov-
able unit 200q is moved leftward. A description thereof will
now be given in comparison with a comparative example
(FIG. 16).

[0056] FIG. 16 is a perspective view of an image blur
correction unit 800 in the comparative example. As com-
pared to the image blur correction unit 200 (FIG. 9), the
image blur correction unit 800 has one flexible board 870 in
place of the first and second flexible boards 270a and 2705
and has an image pickup device board 831 in place of the
image pickup device board 231. The flexible board 870
corresponds to a combination of the first and second flexible
boards 270a and 270b. The flexible board 870 has a con-
necting portion 875, a wiring portion 876, and a connecting
portion 878. Connectors which are to be connected to
connectors (corresponding to the connectors 232a, 2325) of
the image pickup device board 831 are mounted on the
connecting portion 875, and connectors which are to be
connected to connectors (corresponding to the connectors
102, 103) of the control board 100 are mounted on the
connecting portion 878. In the image blur correction unit
200 (FIG. 9), the first wiring portion 276 and the second
wiring portion 277 are extended upward and downward in
directions opposite to each other. On the other hand, in the
comparative example, the wiring portion 876 of the flexible
board 870 is extended downward in only one direction from
a connector connected to the image pickup device board
831.
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[0057] A description will now be given of loads arising
from deformation of the flexible boards and how the mov-
able unit 200q is controlled. Assume that the movable unit
200q is moved leftward. In the present embodiment, when
the movable unit 200a is moved leftward, rightward forces
Fxa and Fxb are generated as reaction forces generated by
the first and second flexible boards 270a and 2705, respec-
tively. As for a vertical direction, an upward force Fya is
generated as a reaction force of the flexible board 2704, and
a downward force Fyb is generated as a reaction force of the
flexible board 27054.

[0058] The first and second flexible boards 270a and 2704,
however, are separately routed in the two routes in the upper
and lower directions, and hence the magnitudes of the forces
Fya and the force Fyb are substantially equal. It is thus
possible to balance the loads in the vertical direction.
Therefore, the loads on the first and second flexible boards
270a and 2705 are substantially generated only in a right-
ward direction, and their magnitude is the sum of the forces
Fxa and Fxb. The load in the vertical direction is approxi-
mately zero, and hence the movable unit 200a can easily be
controlled because it needs to be drivingly controlled only in
the horizontal direction.

[0059] On the other hand, in the comparative example
(FIG. 16), when the movable unit 200a is moved leftward,
a rightward force Fx is generated as a reaction force gen-
erated by the flexible board 870. A force Fy is generated in
a downward direction. Since the wiring portion 876 is routed
in only one direction, a resultant of the force Fx and the force
Fy acts on the movable unit 200q. Thus, it is necessary to
drivingly control the movement of the movable unit 200a
not only in the horizontal direction but also in the vertical
direction, and hence it is complicated to control the move-
ment of the movable unit 200q. Specifically, it is necessary
to generate an upward thrust Ry, which is for canceling out
the reaction force of the flexible board 870, by passing
electric current through the coil 241¢ of the movable unit
200a to generate a Lorenz force in the coil 241c.

[0060] The movable unit 2004 is subjected to the force Fx
of the flexible board 870 at a lower position away from the
optical axis P, and hence a rotational moment around an axis
parallel to the optical axis P acts on the movable unit 200a.
It is thus necessary to prevent rotation of the movable unit
200a by making Lorenz forces generated in the coils 241a
and 2415 different to control the magnitudes of thrusts Rxa
and Rxb. Controlling the movement of the movable unit
200a may become complicated in this respect as well.
[0061] Moreover, according to the comparative example,
magnets and coils required to control the movable unit 200
with high accuracy would increase, leading to upsizing of
the image pickup apparatus 10 and increasing power con-
sumption necessary for controlling. In the present embodi-
ment, the first and second flexible boards 270a and 2705 are
routed in the two opposite routes, and this contributes to
downsizing of the image pickup apparatus 10 and reduction
of power consumption.

[0062] As shown in FIG. 6, it is assumed that in the wiring
direction of the first flexible board 270a, a length from a
boundary between the first wiring portion 276 and the first
connecting portion 275a¢ to a boundary between the first
wiring portion 276 and the second connecting portion 278 is
a length L1 of the first wiring portion 276. It is assumed that
in the wiring direction of the second flexible board 2704, a
length from a boundary between the second wiring portion
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277 and the third connecting portion 2755 to a boundary
between the second wiring portion 277 and the fourth
connecting portion 279 is a length [.2 of the second wiring
portion 277. In the vertical direction, a length from the
optical axis P to the boundary between the first connecting
portion 275 and the first wiring portion 276 is denoted by L3,
and a length from the optical axis P to the boundary between
the third connecting portion 27556 and the second wiring
portion 277 is designated by [.4. In the horizontal direction,
a width of the first wiring portion 276 is designated by W1,
and a width of the second wiring portion 277 is designated
by W2.

[0063] To make the loads arising from the deformation of
the first and second flexible boards 270a and 2705 more
uniform, it is preferred that the length .1 and the length 1.2
are substantially equal, and the length [.3 and the length [.4
are substantially equal. It is also preferred that the width W1
and the width W2 are substantially equal. It is preferred that
at least the first wiring portion 276 of the first flexible boards
270a and the second wiring portion 277 of the second
flexible boards 2705 have substantially the same length and
width. This makes the loads arising from the deformation of
the first and second flexible boards 270a and 2705 more
uniform and further contributes to downsizing of the image
pickup apparatus 10 and reduction of power consumption.

[0064] FIG. 8 is a view of an initial state in which the
movable unit 200a has not been displaced. In this initial
state, as for spaces between the first wiring portion 276 and
the first cut 107a in the horizontal direction, the left-side
space is designated by X1, and the right-side space is
designated by X2. Namely, the cut width of the first cut 1074
in the horizontal direction is represented by the following
expression, the width of the first wiring portion 276+X1+
X2. On the other hand, a space between a location of the first
cut 1074 in a depth direction and a lowermost end of a
curved inner surface of the first wiring portion 276 is
designated by Y1. A space between a lower end position of
an outermost dimension of the control board 100 and a lower
end position of the first cut 107a is designated by Y2.

[0065] The spaces X1, X2, and Y1 are set such that even
in a case where the movable unit 200a is displaced to the
greatest extent possible with respect to the fixed unit 2005,
the first wiring portion 276 does not contact right and left
edges and an upper edge of the first cut 107a. The space Y2
is set such that even in a case where the movable unit 200a
is displaced to the greatest extent possible with respect to the
fixed unit 2005, the first wiring portion 276 does not
protrude from the first cut 107a¢ and therefore fits into the
outermost dimension of the control board 100.

[0066] First, to correct for image blurring in the yaw
direction, the movable unit 200a makes a translational
movement in the horizontal direction. The space X1 is set at
a greater value than a maximum amount of leftward trans-
lational movement of the movable unit 200a from a state
where the center of the movable unit 200a corresponds to the
optical axis P (initial state). The space X2 is set at a greater
value than a maximum amount of rightward translational
movement of the movable unit 200a from the initial state. To
correct for image blurring in the pitch direction, the movable
unit 200a makes a translational movement in the vertical
direction. The space Y 1 is set at a greater value than a
maximum amount of upward translational movement of the
movable unit 200qg from the initial state. The space Y2 is set
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at a greater value than a maximum amount of downward
translational movement of the movable unit 200a from the
initial state.

[0067] The positional relationship between the second cut
1075 and the second wiring portion 277 is determined in the
same manner as the positional relationship between the first
cut 107a and the first wiring portion 276. Thus, even in a
case where the movable unit 200q is displaced to the greatest
extent possible with respect to the fixed unit 2005, the
second wiring portion 277 does not contact right and left
edges and an upper edge of the second cut 1075. Also, even
in a case where the movable unit 2004 is displaced to the
greatest extent possible with respect to the fixed unit 2005,
the second wiring portion 277 does not protrude from the
second cut 1075 and therefore fits into the outermost dimen-
sion of the control board 100.

[0068] Next, referring to FIGS. 6 to 10, a description will
be given of wiring patterns laid out inside the image pickup
apparatus 10. FIG. 10 is a front view showing a wiring
pattern laid out inside the control board 100.

[0069] On the first flexible board 270q, high speed trans-
mission wiring is formed to electrically connect the connec-
tor 271a (FIG. 3) to the connector 273 (FIG. 6) via the first
wiring portion 276. The high speed transmission wiring is a
pair of two signal lines using a transmission method such as
LVDS (Low Voltage Differential Signaling). The image
pickup apparatus 10 uses this high speed transmission
wiring for transmission of image pickup signals between the
image pickup device 230 and the control board 100 to
support high speed transmission of image pickup signals. On
the first flexible board 270a, ground wiring, wiring required
for the image pickup device 230, and so forth as well as the
high speed transmission wiring are installed.

[0070] On the second flexible board 2705, power source
wiring is formed to electrically connect the connector 2715
(FIG. 3) to the connector 274 (FIG. 6) via the second wiring
portion 277. On the second flexible board 2705, ground
wiring, wiring required for the image pickup device 230, and
so forth as well as the high speed transmission wiring are
installed. In the present embodiment, differential transmis-
sion wiring is adopted as the high speed transmission wiring
installed in the first wiring portion 276. As with the con-
nectors 271a and 2715, the connectors 273 and 274 are
configured to have two lines of signal terminals parallel to
each other.

[0071] The first and second flexible boards 270a and 2705
have a multilayered structure, and in the present embodi-
ment, they have a two-layer structure. The connectors 273
and 274 are mounted on the surfaces of the first and second
flexible boards 270a and 2705 which are opposite to the
surfaces on which the connectors 271a and 2716 are
mounted. The high speed transmission wiring is extended
from the signal terminal lines of the connector 271a and
electrically connected to one of the two parallel signal
terminal lines of the connector 273, which is placed on a rear
side as seen from the connector 271a. Specifically, the high
speed transmission wiring is passed through the rear side of
the surface on which the connector 273 is mounted, then
electrically connected to a transmission path wired on the
surface on which the connector 273 is mounted via through
holes, and connected to the signal terminals placed in the
terminal line on the rear side as seen from the connector
271a.
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[0072] As shown in FIG. 10, the control IC 101 which
forms a rectangular package outer shape is mounted on the
upper right of the connector 102 mounted on the control
board 100. A plurality of signal terminals is formed on the
control IC 101, and these signal terminals are joined to the
control board 100 by soldering and electrically connected to
the control board 100. The control IC 101 is a circuit to
which image pickup signals output from the image pickup
device 230 are transmitted. Three pairs of differential trans-
mission wiring are installed as high-speed transmission
wiring 105 electrically connected from the connector 102 to
a part of the signal terminals of the control IC 101. The
high-speed transmission wiring 105 is electrically connected
to the high-speed transmission wiring installed inside the
first flexible board 270a via the connectors 273 and 102. The
high-speed transmission wiring 105 forms the same differ-
ential transmission path as the high-speed transmission
wiring installed in the first flexible board 270a. A variety of
signal wiring and ground wiring as well as the high-speed
transmission wiring 105 are installed on the control board
100, but they are omitted from FIG. 10.

[0073] In general, when a plurality of electric signals that
requires synchronization is transmitted on a high-speed
transmission path, isometric wiring with wires of equal
lengths on which the plurality of electric signals is trans-
mitted is preferred so as to make a difference in delay time
caused by wiring satisfactorily small. It is also preferred that
signal lines are designed to be as short as possible so as not
to be affected by noise or the like. To shorten the route from
the image blur correction unit 200 to the control IC 101
mounted on the control board 100, it is preferred that the
connector 102 of the control board 100 and the control IC
101 are placed as close as possible to each other. The control
IC 101 may be placed on the right side or left side of the
connector 102 of the control board 100, and this can further
reduce the wiring length of the high-speed transmission
wiring.

[0074] Moreover, on a high-speed transmission path, elec-
tromagnetic field noise may be produced from high-speed
transmission wiring. Since the high-speed transmission wir-
ing is installed in the first flexible board 2704, electromag-
netic field noise is produced mainly from the connector 271a
mounted on the first connecting portion 275a¢ and the
connector 273 mounted on the second connecting portion
278. When the electromagnetic field noise is produced, the
electromagnetic field noise may propagate into the image
pickup apparatus 10 to affect the wireless antenna 105 (FIG.
1A, FIG. 1B) built in the image pickup apparatus 10 and
decrease wireless performance.

[0075] As described above, the wireless antenna 105 is
placed at the left end of the upper part of the image pickup
apparatus 10 and close to the exterior 10c. In the present
embodiment, the first flexible board 270a on which much
more electromagnetic field noise is produced than on the
second flexible board 27056 is placed on the side (the right
side) far from the location at which the wireless antenna 106
is placed. Namely, the location at which the connector 102
is placed is away from the wireless antenna 105. Moreover,
as for the first flexible board 270q, the first wiring portion
276 is extended to the lower side of the control board 100
and also curved rearward so that the connector 273 can be
connected to the connector 102. This reduces the effects on
the wireless antenna 1064.
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[0076] It should be noted that in a case where it is difficult
to compare the locations of the first and second flexible
boards 270a and 2705 when considering the distance from
the wireless antenna 105, their positions of the center of
gravity may be compared with each other. Alternatively, in
a case where the distance from the wireless antenna 105 is
considered on the assumption that much more electromag-
netic field noise is produced on the first flexible board 270a
than on the second flexible board 27054, at least one of the
following conditions may be adopted as a condition that
should be satisfied in an assembled state. The conditions
include the condition that “the connector 273 is farther away
from the wireless antenna 105 than the connector 274 and
the condition that “the connector 271a is farther away from
the wireless antenna 105 than the connector 2715”. The
conditions also include that the condition that “as compared
to the second flexible board 2705, the first flexible board
270a is disposed by way of a side of the control board 100
located farther away from the wireless antenna 105 than the
other sides of the control board 100”.

[0077] The control board 100 has a multilayered structure.
As the control board 100, for example, a buildup board that
is formed by laminating build-up layers on both sides of a
plurality of core layers or an Any-Layer board in which all
of laminated layers can have a connecting structure using
interlayer vias. The high-speed transmission wiring 105 is
configured such that wiring is extended on a surface layer of
the control board 100 from the signal terminal line of the
connector 102 and directly connected to a part of the signal
terminals of the control IC 101. To laminate a number of
conductive layers while making the board thickness of the
control board 100 relatively small, clearance between the
adjoining conductive layers is narrowed. In a case where the
above configuration is adopted, if a high-speed transmission
path is wired in a certain layer, only a ground plane is formed
in a region, which overlaps the high-speed transmission path
when it is projected onto a plane, on both sides of the
conductive layer adjoining to the layer. Alternatively, by
taking a measure such as removal of all or a part of the
conductive layers by etching, the impedance of the high-
speed transmission path can properly be controlled.

[0078] Such a measure occupies a certain area of the
conductive layers and thus limits board wiring. Since the
control IC 101 is an IC that controls image pickup signals,
and a number of signal lines and power lines are connected
to the signal terminals of the control IC 101, the wiring
density in the region overlapping the control IC 101 is very
high in many cases. By installing the high-speed transmis-
sion wiring 105 using the surface layer of the control board
100, the measure for keeping the impedance of the high
transmission path constant is required to be taken for only
one conductive layer that is one layer inside, and this
increases flexibility of board wiring.

[0079] According to the present embodiment, the first
wiring portion 276 of the first flexible board 270a is
extended from the first connecting portion 275a in the
downward direction (the first direction) perpendicular to the
shooting optical axis P. On the other hand, the second wiring
portion 277 of the first flexible board 2704 is extended from
the third connecting portion 2755 in the upward direction
(the second direction) perpendicular to the shooting optical
axis P and opposite to the downward direction (the first
direction). Namely, the first wiring portion 276 and the
second wiring portion 277 are extended in direction opposite
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to each other in the vertical direction, and hence the loads on
the movable unit 200a can be made nearly uniform when the
movable unit 200q is displaced.

[0080] As a result, controlling the movement of the mov-
able unit 200a does not become complicated, and power
consumption is reduced. Moreover, the image pickup appa-
ratus 10 is downsized because it is unnecessary to design the
first and second flexible boards 270a and 2705 such that the
amount of deformation per unit length is excessively small.
[0081] The first wiring portion 276 and the second wiring
portion 277 pass through the first cut 107a and the second
cut 1076 formed on the lower side and the upper side,
respectively, of the control board 100. Even when the
movable unit 200q is displaced to the greatest extent pos-
sible, the first wiring portion 276 and the second wiring
portion 277 do not contact the first cut 107a and the second
cut 1075, and hence an unexpected load is prevented from
being applied to the movable unit 200a when the movable
unit 200q is displaced.

[0082] Moreover, even when the movable unit 200a is
displaced to the greatest extent possible, the first wiring
portion 276 and the second wiring portion 277 fit into the
outermost dimension of the control board 100 without
protruding from the first cut 107a and the second cut 1075.
Therefore, the control board 100 and the exterior 10¢ can be
designed with only a small space left between them, and this
contributes to downsizing of the image pickup apparatus 10.
[0083] Furthermore, since the first flexible board 270a on
which much more electromagnetic field noise is produced
than on the second flexible board 2705 is placed farther
away from the wireless antenna 105 than the second flexible
board 2705, decrease in wireless performance is prevented.
[0084] It should be noted that to make the magnitudes of
reaction forces generated by the first flexible board 270a and
the second flexible board 2706 substantially equal, the
reaction forces may be determined from the viewpoint of
bending strength including the thicknesses of the first and
second wiring portions 276 and 277 as well as their lengths
and widths. For example, the thicknesses of wiring paths in
the first and second flexible boards 270a and 2705 may be
individually designed, and as for the first flexible board
270aq, its thickness may be increased while its width is
decreased on the condition that its cross sectional area is
fixed. This makes the load on the second flexible board 2705
equal to that on the first flexible board 270a. As a result, the
width of the second flexible board 2705 can be changed
without changing the maximum rated current for the second
flexible board 27054.

[0085] It should be noted that although the connector 103
is placed on the upper left of the connector 102 (FIG. 2), the
connector 103 may be placed on the upper right of the
connector 102. Although the connector 102 is placed in the
lower part of the control board 100 so as to be away from the
wireless antenna 105, the connector 102 may be placed far
from the wireless antenna 105 in the vertical or horizontal
direction, depending on the location of the wireless antenna
105. Thus, the locations of the connectors 102 and 102 can
be modified in various ways.

[0086] It should be noted that it is unnecessary to config-
ure the first and second flexible boards 270a and 2705 and
the third flexible board 240 as separate units, and they may
be configured as an integral unit.

[0087] It should be noted that although in FIG. 10, the
signal terminals are arranged at regular intervals and sub-
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stantially parallel to a side of the package of the control IC
101, the signal terminals in the package should not neces-
sarily be arranged as shown in FIG. 10. The signal terminals
have only to be arranged such that connection with surface
wiring of the control board 100 is possible, and they may be
irregularly arranged. Also, a plug connector and a receptacle
connector should not necessarily be adopted as components
that connect boards together. A connector terminal portion
may be formed in place of the connectors 273 and 274 on the
first and second flexible boards 270a and 27054, and con-
nectors compatible with the connector terminal portion may
be mounted on the control board 100. It should be noted that
although the connectors 232a and 2325 (FIG. 4) and the
connectors 271a and 2725 (FIG. 3) are not plural, the present
invention is not limited to this. For example, a plurality of
connectors may be mounted on each of the first and second
flexible boards 270a and 27054, a plurality of connectors may
be mounted on the image pickup device board 231, and the
corresponding ones of the mounted connectors may be
connected together.

[0088] It should be noted that from the viewpoint of
making the loads on the movable unit 200a uniform, the
image blur correction unit 200 may be rotated 90 degrees
such that the first wiring portion 276 and the second wiring
portion 277 are extended in directions opposite to each other
in the horizontal direction.

[0089] A second embodiment of the present invention is
identical with the first embodiment except for the arrange-
ments of the first and second flexible boards and the arrange-
ment of the rear yoke. The second embodiment will be
described with reference to FIG. 11 and FIG. 12. The
components same as those of the first embodiment are
designated by the same reference symbols, and detailed
description thereof is omitted.

[0090] FIG. 11 is a rear view of the movable unit 200a to
which the first and second flexible boards are fixed. FIG. 12
is a perspective view of the image blur correction unit 700.
An image blur correction unit 700 corresponding to the
image blur correction unit 200 has a first flexible board 770a
and a second flexible board 7705 corresponding to the first
flexible board 270a and the second flexible board 2704,
respectively. The image blur correction unit 700 has a rear
yoke 265 corresponding to the rear yoke 260. The rear yoke
265 has a flat shape, and its outer shape is square U-shaped
as seen from the direction of the optical axis P.

[0091] The first flexible board 770q has a first connecting
portion 775a, a wiring portion 776, a wiring portion 780, and
a second connecting portion 782 in order from the one
closest to the connector 271a (FIG. 3) in a wiring direction
(longitudinal direction). The connector 271a is placed in the
first connecting portion 7754, and the connector 273 is
placed in the second connecting portion 782. As compared
to the first flexible board 270a, the first connecting portion
775a corresponds to the first connecting portion 275a, the
wiring portion 776 and the wiring portion 780 correspond to
the first wiring portion 276, and the second connecting
portion 782 corresponds to the second connecting portion
278.

[0092] The second flexible board 7706 has a third con-
necting portion 7755, a wiring portion 777, a wiring portion
781, and a fourth connecting portion 783 in order from the
one closest to the connector 2715 (FIG. 3) in a wiring
direction (longitudinal direction). The third connecting por-
tion 7755 corresponds to the third connecting portion 2755,
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the wiring portion 777 and the wiring portion 781 corre-
spond to the second wiring portion 277, and the fourth
connecting portion 783 corresponds to the fourth connecting
portion 279.

[0093] The wiring portion 776 of the first flexible board
770q is extended from the first connecting portion 775« in
an upward direction perpendicular to the shooting optical
axis P. The wiring portion 777 of the second flexible board
7705 is extended from the third connecting portion 7756 in
a downward direction perpendicular to the shooting optical
axis P and opposite to the upward direction.

[0094] On the first flexible board 770a, a wiring path is
formed which electrically connects the connector 271a
mounted on the first connecting portion 775a to the con-
nector 273 mounted on the second connecting portion 782
via the wiring portion 776 and the wiring portion 780. On the
second flexible board 7705, a wiring path is formed which
electrically connects the connector 2715 mounted on the
third connecting portion 7755 to the connector 274 mounted
on the fourth connecting portion 783 via the wiring portion
777 and the wiring portion 781.

[0095] First fixed portions 778 are formed in the middle of
the wiring portion between the first connecting portion 775a
and the second connecting portion 782 in the wiring direc-
tion of the first flexible board 770a. Namely, the first fixed
portions 778 are provided between the wiring portion 776
and the wiring portion 780 and fixed to the rear yoke 265.
On the other hand, second fixed portions 779 are formed in
the middle of the wiring portion between the third connect-
ing portion 7756 and the fourth connecting portion 783 in
the wiring direction of the second flexible board 77054.
Namely, the second fixed portions 779 are provided between
the wiring portion 777 and the wiring portion 781 and fixed
to the rear yoke 265. Holes for alignment with the rear yoke
265 are formed in the first fixed portions 778 and the second
fixed portions 779. The operator uses a jig or the like to align
the first and second fixed portions 778 and 779 with corre-
sponding holes of the rear yoke 265 and then fix them to the
rear yoke 265. Since the first and second fixed portions 778
and 779 are fixed to the rear yoke 265, the positions of the
first and second portions 778 and 779 and areas on the
second connecting portion 782 side and the fourth connect-
ing portion 783 side of the first and second fixed portions
778 and 779 are not displaced.

[0096] The wiring portion 776 is warped a predetermined
amount, and in this state, the first fixed portions 778 are fixed
to the rear yoke 265 to keep the wiring portion 776 warped.
Likewise, the wiring portion 777 is warped a predetermined
amount, and in this state, the second fixed portions 779 are
fixed to the rear yoke 265 to keep the wiring portion 777
warped. The amount by which the wiring portions 776 and
777 are warped is determined such that when the movable
unit 200q is displaced to a position farthest from the optical
axis P, the wiring portions 776 and 777 can be kept warped
the predetermined amount without being stretched.

[0097] In a horizontal direction, the distance between the
wiring portions 776 and 777 is equal to or greater than a
maximum amount of translational movement of the movable
unit 200¢ in the horizontal direction. This prevents the
wiring portions 776 and 777 from interfering with each other
and affecting the loads when correcting for image blurring.
[0098] As described above, the wiring portions 776 and
777 are routed in two routes i.e. upper and lower routes
which are translational directions of the movable unit 200a
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(directions opposite to each other). Thus, as with the first
embodiment, the loads arising from deformation of the first
and second flexible boards 770a and 7705 can be made
nearly equal when the movable unit 200a is moved right-
ward and when the movable unit 200a is moved leftward.
Also, the loads arising from deformation of the first and
second flexible boards 770a and 7705 can be made nearly
equal when the movable unit 200a is moved upward and
when the movable unit 200a is moved downward.

[0099] A length from a boundary between the first con-
necting portion 7754 and the wiring portion 776 to the first
fixed portions 778 is designated by L5. A length from a
boundary between the third connecting portion 7755 and the
wiring portion 777 to the second fixed portions 779 is
designated by 1.6. A length from the optical axis P to a
boundary between the first connecting portion 775a and the
wiring portion 776 is designated by L7, and a length from
the optical axis P to a boundary between the third connecting
portion 7755 and the wiring portion 777 is designated by L8.
A width of the wiring portion 776 and a width of a wiring
portion 777 in the horizontal direction are designated by W3
and W4, respectively.

[0100] To make the loads arising from deformation of the
first and second flexible boards 770a and 7705 more equal,
it is preferred that the length L5 and the length 1.6 are
substantially equal, and the length [.7 and the length [.7 are
substantially equal. It is also preferred that the width W3 and
the width W4 are substantially equal. It is preferred that at
least the wiring portion 776 and the wiring portion 777 have
substantially the same length and width. This makes the
loads arising from the deformation of the first and second
flexible boards 770a and 7706 more nearly equal and further
contributes to downsizing of the image pickup apparatus 10
and reduction of power consumption.

[0101] According to the present embodiment, the wiring
portion 776 and the wiring portion 777 are extended in the
directions opposite to each other in the vertical direction.
Thus, the same effects as those in the first embodiment are
obtained from the viewpoint of making the loads applied to
the movable unit 200a when it is displaced nearly equal.
[0102] Moreover, mainly the wiring portion 776 and the
wiring portion 777 are warped, while the areas on the second
connecting portion 782 side and the fourth connecting
portion 783 side of the fixed portions 778 and 779 are hardly
warped. It is thus unnecessary to form the cuts 107a and
1075 of the control board 100 with margins considering the
maximum displacement of the movable unit 200a. This
increases the board area of the control board 100 and is also
advantageous to making the lengths of the high-speed trans-
mission paths wired inside the first flexible board 770a equal
and forming the wiring portion 780 in a suitable shape.
Therefore, the flexibility in the layout and wiring of the
control board 100 is increased while high transmission
quality of the high-speed transmission paths is ensured.
[0103] It should be noted that the first fixed portions 778
and the second fixed portions 779 may not be directly fixed
to the rear yoke but may be fixed to the rear yoke 265 via
separate holding members or the like. In this case, the
holding members may have cylindrical positioning portions,
which are fitted into the holes formed in the first and second
fixed portions 778 and 779.

[0104] It should be noted that in the wiring portions 776
and 777, slits or the like may be formed in, for example, a
direction parallel to the wiring path so as to reduce the loads
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arising from the deformation. This is advantageous to con-
trolling the image blur correction unit 700 with high accu-
racy.

[0105] A third embodiment of the present invention is
identical with the second embodiment except for the
arrangements of the first and second flexible boards. The
present embodiment will be described with reference to
FIGS. 13, 14, and 15. The same component elements as
those of the image pickup apparatus 10 according to the
second embodiment are designated by the same reference
symbols, and detailed description thereof is omitted. It
should be noted that some reference symbols are omitted
from FIGS. 13, 14, and 15.

[0106] FIG. 13 is a rear view of the movable unit 200a to
which the first and second flexible boards are fixed. FIG. 14
is a perspective view of an image blur correction unit. FIG.
15 is a perspective view of the image blur correction unit in
FIG. 14 as seen from the left.

[0107] The image blur correction unit 900 corresponds to
the image blur correction unit 700. As shown in FIG. 13, the
image blur correction unit 900 has a first flexible board 970a
and a second flexible board 97056 corresponding to the first
flexible board 770a and the second flexible board 7705,
respectively. As compared with the first flexible board 770a,
a wiring portion 976 and a first connecting portion 9754 of
the first flexible board 970a correspond to the wiring portion
776 and the first connecting portion 7754, respectively. As
compared to the second flexible board 7705, a wiring portion
977 and a third connecting portion 9755 of the second
flexible board 9705 correspond to the wiring portion 777 and
the third connecting portion 7754, respectively.

[0108] The connector 271a is placed in the first connecting
portion 9754, and the connector 2715 is placed in the third
connecting portion 9755b. There may be cases where the first
connecting portion 975a of the first flexible board 970a and
the third connecting portion 9756 of the second flexible
board 9705 are enlarged due to wire routing and overlap
each other as seen from behind (in the direction of the
optical axis). When the first connecting portion 9754 and the
third connecting portion 9756 overlap each other, locations
at which they are placed should be shifted in a direction
parallel to the shooting optical axis P as described hereafter.
[0109] In the present embodiment, both the first connect-
ing portion 9754 and the third connecting portion 9755 can
be placed by, for example, making the height (thickness) of
the connector 271a greater than that of the connector 2715.
Thus, in the direction of the optical axis, the third connecting
portion 9756 is farther away from the control board 100
(closer to the movable unit 200a) than the first connecting
portion 975a. On the other hand, an obstacle 990 is some-
times placed between the control board 100 and the image
blur correction unit 200 as shown in FIG. 15. The obstacle
990 is omitted from FIG. 14 for the simplification of
explanation. The obstacle 990 is a member equipped with a
function of, for example, dissipating heat of the control
board 100.

[0110] The wiring portion 977 of the second flexible board
9705 has a curved portion 977R and passes between the third
connecting portion 9756 and the obstacle 990 to extent
toward the control board 100. The wiring portion 976 of the
first flexible board 970a has a curved portion 976R and
passes between the first connecting portion 9754 and the
obstacle 990 to extend toward the control board 100. Here,
the distance between the third connecting portion 9756 and
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the obstacle 990 is longer than the distance between the first
connecting portion 975a and the obstacle 990. A radius of
curvature of the curved portion 977R of the wiring portion
977 is greater than that of the curved portion 976R of the
wiring portion 976.

[0111] Here, it is preferred that the first and second flexible
boards 970a and 9705 have substantially the same thickness,
but there may be cases where the second flexible board 970a
is designed to be thicker because it is for power wiring. In
the present embodiment, it is assumed that the second
flexible board 9705 is thicker than the first flexible board
970a.

[0112] When the obstacle 990 and the image blur correc-
tion unit 200 are located close to each other, there is the
possibility that the first and second flexible boards 970a and
9705 may move while being in contact with the obstacle 990
when the movable unit 200a is movable. Moreover, since the
second flexible board 9705 thicker than the first flexible
board 970a is less likely to be deformed than the second
flexible board 9704, the loads applied to the first and second
flexible boards 970a and 9704 tend to be unequal.

[0113] However, the distance from the third connecting
portion 9755 to the obstacle 990 in the direction of the
optical axis is longer than the distance from the first con-
necting portion 9754 to the obstacle 990 in the direction of
the optical axis, and hence it is possible to design the curved
portion 977R with a greater radius of curvature than that of
the curved portion 976R. As a result, reaction forces gen-
erated by deformations of the respective wiring portions 976
and 977 can be made nearly equal.

[0114] According to the present embodiment, the same
effects as those in the first and second embodiment are
obtained from the viewpoint of making the loads applied to
the first and second flexible boards 970a and 9705 when the
movable unit 200a is displaced nearly equal.

[0115] Moreover, since the first connecting portion 975a
and the third connecting portion 9756 overlap each other,
enough installation space is secured in a direction vertical to
the direction of the optical axis even if the first and second
connecting portions 975a and 97556 are designed such that
the areas thereof are large.

[0116] Furthermore, since the third connecting portion
975b is farther away from the control board 100 than the first
connecting portion 975a, the radius of curvature of the
curved portion 977R is greater than that of the curved
portion 976R. Thus, even in the case where the second
flexible board 9705 is thicker than the first flexible board
970a, reaction forces generated by deformations of the
respective wiring portions 976 and 977 can be made nearly
equal.

[0117] It should be noted that in the present embodiment,
the first and second connecting portions 975a and 9755 are
placed at different locations in the direction of the optical
axis by making the connector 271a and the connector 2715
with different heights (thicknesses). The present invention,
however, is not limited to this, but the connector 2324 and
the connector 2325 mounted on the image pickup device
board 231 may have different heights (thicknesses). Alter-
natively, the connector 271a and the connector 2715 may
have different heights (thicknesses), and the connector 232a
and the connector 2326 may also have different heights
(thicknesses).

[0118] It should be noted that from the viewpoint of
achieving the balance of the loads, it is preferred that the
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connecting portion which is a thicker one of the first and
second flexible boards 970a and 9705 is placed farther away
from the control board 100. Thus, in terms of the locations
at which the connecting portions are placed and the thick-
nesses of the flexible boards, the relationships may be
opposite to those illustrated in the present embodiment.
[0119] It should be noted that the locations at which the
connecting portions are placed and the thicknesses of the
flexible boards in the present embodiment may be applied to
the first embodiment as well.

[0120] It should be noted that the present invention may be
applied not only to an image pickup apparatus such as a
camera but also to a variety of electronic equipment in which
a movable unit that is movably supported and a control
board are connected together via a flexible board. Moreover,
when the present invention is applied to a camera, the
camera may be an integral lens type.

OTHER EMBODIMENTS

[0121] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions. Some of the above embodiments may be used in
combination as appropriate.

[0122] This application claims the benefit of Japanese
Patent Application No. 2018-195149, filed Oct. 16, 2018,
and Japanese Patent Application No. 2019-117500, filed Jun.
25, 2019, which are hereby incorporated by reference herein
in its their entireties.

What is claimed is:

1. An image pickup apparatus comprising:

an image pickup device configured to convert an optical
image of a subject into an electric signal;

a movable unit configured to hold the image pickup
device and to be capable of being displaced in a
direction different from a direction of an optical axis of
an image pickup optical system;

a control unit including a circuit to which an image pickup
signal output from the image pickup device is trans-
mitted;

a first flexible board configured to electrically connect the
movable unit and the control unit with each other; and

a second flexible board configured to electrically connect
the movable unit and the control unit with each other,

wherein the first flexible board comprises a first connect-
ing portion that is connected to the movable unit, a first
wiring portion that is extended from the first connecting
portion in a first direction different from the direction of
the optical axis, and a second connecting portion that is
placed at an end of the first wiring portion and con-
nected to the control unit, and

wherein the second flexible board comprises a third
connecting portion that is connected to the movable
unit, a second wiring portion that is extended from the
third connecting portion in a second direction different
from the direction of the optical axis and opposite to the
first direction, and a fourth connecting portion that is
placed at an end of the second wiring portion and
connected to the control unit.

2. The image pickup apparatus according to claim 1,

wherein
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the control unit comprises a first cut formed at an edge of
the control unit in the first direction and a second cut
formed at an edge of the control unit in the second
direction,

the first wiring portion of the first flexible board is routed

through the first cut,

the second wiring portion of the second flexible board is

routed through the second cut, and

in a case where the movable unit is displaced to a

maximum extent possible, the first wiring portion of the
first flexible board does not contact the first cut, and the
second wiring portion of the second flexible board does
not contact the second cut.

3. The image pickup apparatus according to claim 2,
wherein in a case where the movable unit is displaced to the
maximum extent possible, both the first wiring portion of the
first flexible board and the second wiring portion of the
second flexible board fit into an outermost dimension of the
control unit.

4. The image pickup apparatus according to claim 1,
wherein a middle position in a wiring direction of the first
wiring portion of the first flexible board and a middle
position in a wiring direction of the second wiring portion of
the second flexible board are respectively fixed to a sup-
porting unit that supports the movable unit or a member
fixed to the supporting unit.

5. The image pickup apparatus according to claim 1,
wherein one of the first flexible board and the second flexible
board in which a larger amount of electromagnetic field
noise is generated is placed farther away from an installation
location of a wireless antenna.

6. The image pickup apparatus according to claim 1,
wherein

11
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the first flexible board comprises differential transmission

wiring, and

the second flexible board comprises power wiring.

7. The image pickup apparatus according to claim 1,
wherein the first wiring portion of the first flexible board and
the second wiring portion of the second flexible board have
substantially the same length and width.

8. The image pickup apparatus according to claim 4,
wherein an area from the first connecting portion in the
wiring direction of the first flexible board to the middle
position and an area from the third connecting portion in the
wiring direction of the second flexible board to the middle
position have substantially the same length and width.

9. The image pickup apparatus according to claim 1,
wherein as seen from a direction parallel to the optical axis,
the first connecting portion and the third connecting portion
partially overlap each other.

10. The image pickup apparatus according to claim 9,
wherein

in the direction parallel to the optical axis, the third

connecting portion is farther away from the control unit
than the first connecting portion, and

the second flexible board is thicker than the first flexible

board.

11. The image pickup apparatus according to claim 10,
wherein

the first flexible board comprises differential transmission

wiring, and

the second flexible board comprises power wiring.

12. The image pickup apparatus according to claim 1,
wherein the control unit has a function of optically correct-
ing for blurring of the subject by displacing the movable unit
in a direction different from the optical axis.
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